Using solid C 2 H 6 and C 2 F 6 as an example, the one-axis molecular rotation effect on thermal conductivity has been considered in orientationally-ordered (OO) and orientationally-disordered (OD) phases of simple molecular crystals. The influence of molecular rotation on the heat transfer processes has been studied by a modified method of reduced coordinates, which permitted separating phonon-phonon and phononrotation contributions to the total thermal resistance. Molecular crystals possess a number of peculiarities, which can significantly influence the dynamics of the crystalline lattice. In molecular crystals, along with translation oscillations of molecules, it is necessary to consider the orientational movement of molecules as a whole, intramolecular rotation of molecular segments, and intramolecular oscillations. The requirement to take account of each additional kind (as compared with that in atomic crystal) of heat motion is a significant constraint on the construction of theoretical models. At the same time, by choosing corresponding experimental materials, we can exclude one or other type of heat motion from consider- *
Molecular crystals possess a number of peculiarities, which can significantly influence the dynamics of the crystalline lattice. In molecular crystals, along with translation oscillations of molecules, it is necessary to consider the orientational movement of molecules as a whole, intramolecular rotation of molecular segments, and intramolecular oscillations. The requirement to take account of each additional kind (as compared with that in atomic crystal) of heat motion is a significant constraint on the construction of theoretical models. At the same time, by choosing corresponding experimental materials, we can exclude one or other type of heat motion from consider- * E-mail: Pursky_O@ukr.net (Corresponding author) † E-mail: Konstantinov@ilt.kharkov.ua ation. For example, intramolecular rotation of molecular segments in simple molecular crystals (SMC) can be disregarded owing to the simplicity of the molecular structure. In most cases the energy of intramolecular coupling in SMC considerably exceeds the energy of intermolecular interactions. Respectively, intermolecular oscillations give no significant contribution, as a rule, to the dynamics of SMC up to the melting point of the material. Thus, while considering the heat motion in SMC, we may restrict ourselves to the account of translation oscillations at sites of the crystal lattice and the orientational motion of molecules as a whole. Specific features of the dynamics of translational and orientational subsystem of crystals affect their thermodynamic properties and must manifest themselves in one way or another in the processes of relaxation. This is related, first of all, to the coupling (known as translation-rotation coupling) between translation dis-placements and molecular orientation that is characteristically reflected in the kinetic properties of molecular crystals, and in particular on the thermal conductivity Λ. Heat transfer in SMC at temperatures close to or above the Debye temperature (T Θ D ) is governed by the following factors: translation and translation-orientation interaction, the thermal conductivity approaching its lower limit (Λ min ) [1] , and the thermal expansion. The peculiarities of translation-rotation coupling depend on molecular and crystal symmetry, and are determined by the relationship between central and non-central intermolecular interaction forces. Translation-rotation coupling also leads to softening of elastic constants and affects phonon spectra. In the general case, the transition of molecules from low-amplitude librations to weakly hindered rotation is accompanied by an increase in the isochoric thermal conductivity [2] . Studies of high-temperature (T Θ D ) thermal conductivity of SMC have revealed the general regularities of heat transfer which are due to simultaneous molecular rotation in different directions. Molecular rotations around a chosen axis are more specific examples of the OD phase. The influence of this type of molecular motion on the heat transfer is not yet completely clear. The crystalline C 2 H 6 and C 2 F 6 are convenient objects for these kind of investigations. The orientational disordering processes grew intensively in C 2 H 6 and C 2 F 6 only around molecular axis C 3 [3, 4] . An investigation of the influence of molecular rotation on the heat transfer processes, in particular on the phonon scattering mechanisms, is a rather complex problem due to the fact that, rather than being independent of one another, the translational and orientational motions in simple molecular crystals occur as coupled translationalorientational vibrations. Therefore, in reality, a simplified method is often used for separating the contributions from each of the phonon scattering mechanisms to the thermal conductivity. In such a description it is assumed that the translation-rotation coupling results only in a renormalization of the dispersion law, while the orientational vibrations make an additional contribution to the total thermal resistance of the crystal W = 1/Λ [5] . In this work, the influence of one-axis rotation of molecules on the heat transfer processes in the OO α-phase of C 2 H 6 and OD β-phase of C 2 F 6 is studied by the modified method of reduced coordinates [6] , which separates the contributions of phonon-phonon and phonon-rotational scattering to the total thermal resistance W . It is important to note that in this case there is no need to resort to use of an approximation model. The contributions of phonon-phonon W pp and phonon-rotation W pr scattering to the total thermal resistance W of solid C 2 H 6 and β-C 2 F 6 were calculated under the assumption of additivity of different phonon scattering mechanisms. It is assumed that the heat is transferred mainly by translational vibrations, independent of the degree of orientational ordering. The essence of the method is as follows. Assuming that the total thermal resistance W of simple molecular crystals is the sum of the phonon-phonon W pp and phonon-rotational W pr contributions, and that in the reduced coordinates (W * = W /W mol , T * = T /T mol ) the component due to the phonon-phonon scattering, W pp , is the same as in rare gas solids at equal values of the reduced molar volume V * = V /V mol , one can extract the phonon-phonon and phononrotational components of the thermal resistance. As a rule, the reducing parameters used are the values of T mol = ε/ B , Λ mol = k B /σ 2 √ ε/µ, and V mol = Nσ 3 , where σ and ε are the parameters of Lennard-Jones potential, µ is the molar weight, and N is the total number of particles. Here, the values of the reducing parameters T mol and V mol used were the values of the temperatures and molar volumes of C 2 H 6 , C 2 F 6 and solidified inert gases (Kr, Xe) at their critical points T cr and V cr [7] (see Table 1 ). The choice of the given parameters is explained as follows. For simple molecular substances, the critical parameters T cr and V cr are proportional to ε and σ 3 respectively. However, the accuracy of determination is much higher for the critical parameters than for the parameters of model potential. It was noted that the quantities ε and σ depend essentially on the choice of model potential and the method used to determine it. In calculations, the data on the temperature dependence of the isobaric (Λ p ) and isochoric (Λ v ) thermal conductivity and the molar volumes for Kr, Xe, C 2 H 6 and C 2 F 6 reported in [7] [8] [9] [10] [11] [12] were utilised. The calculation results for components of the total thermal resistance in the α-phase of C 2 H 6 and β-phase of C 2 F 6 (for isobaric and isochoric conditions) are shown in Fig. 1 . Unlike the OO phase of α-C 2 H 6 , in which the phonon-rotational component of the thermal resistance increases with temperature, in the OD phase β-C 2 F 6 the phonon-rotational thermal resistance decreases with temperature. This is because the phonon scattering by the orientational subsystem is reduced as the rotational motion of the C 2 F 6 molecules around the C-C axis becomes less hindered. In the OD phase of C 2 F 6 , the thermal expansion causes a general decrease in the phonon-rotational thermal resistance W The results obtained in the present investigation demonstrate that, with an increase in the temperature, the unhindering of the molecular rotation around one of the chosen axes, as in the case of unhindering of the molecular rotation in different planes [2] , can result in a decrease of the phonon-rotation thermal resistance and, in the absence of the thermal expansion, can initiate an increase in the thermal conductivity [11] .
